Introduction
Uncertainty in supply chain leads to numerous crucial problems, one of them is called bullwhip effect that is identified by three dimensions-amplification, phase lag and oscillation. Literature available indicates towards studies conducted to address various issues related to bullwhip effect in supply chains (SCs). Also, it has been identified that many factors contribute to existence of bullwhip effect in supply chains operating in an uncertain environment. Some of them are: demand signal processing, rational decision-making, price variation, lead-time and order batching. Researchers have reported many problems associated with bullwhip effect. However, much research work is not available which talks of bullwhip effect mitigation and it's benchmarking. The present paper is an attempt to develop a framework for considering major factors of bullwhip effect mitigation and interactions among them. Main objective of present study may be stated as to identify important factors that may influence bullwhip effect mitigation of a supply chain from literature review and experts' opinions. An effort has been made to: develop the conceptual framework that mitigates the bullwhip effect; and then develop a type of single numerical index 'Bullwhip Effect Mitigation Index (BWEMI)' which may help practicing managers in benchmarking the efforts of supply chain managers towards reducing bullwhip effect.
Bullwhip effect mitigation environment
Bullwhip effect mitigation is accomplished through various variables. These variables are interdependent in totality they provide an effect of mitigation. Thus a concept of bullwhip effect mitigation environment is being undertaken and we would be trying to benchmark this environment using some appropriate methodology. Graph theory and matrix (GTM) method has been employed to develop Bullwhip Effect Mitigation Index. Graph theory had been introduced in 1736 (Euler, 1953) . G. Kirchoff established theory utilizations in electrical networks (Kirchoff, 1958) ; and where as Cayley A. applied trees while he enumerating isomers of saturated hydrocarbons (Cayley, 1857) .
The need of quantification of bullwhip effect mitigation environment in a single numerical index has been recognized. Graph theory can be used to analyze the interactions among the variables considered for Bullwhip Effect Mitigation Index by transforming into mathematical equations. Graph theory may be observed consisting of diagraph representation that is a visual presentation of factors and interactions among them. The graph theory has already been applied to find TQM environment maintainability index (Grover et al., 2004) , TQM performance evaluation of industries in India (Kulkarni, 2005) , Industrial robots selection (Rao and Padmanabhan, 2006) , Risk and customer sensitivity Scs (Faisal et al., 2006) and Risk Mitigation index in SC (Faisal et al., 2007) .
Variables identification for developing bullwhip effect mitigation index
The reduction of bullwhip effect to minimum level has always been a cause of concern for supply chain practitioners. To identify major variables an idea emerging session was conducted in which practitioners from industry and experts from academia were appropriately included to discuss bullwhip effect mitigation environment variables. They were provided as the background material taken from literature. The variables so identified were again discussed for their relative importance for developing Bullwhip Effect Mitigation Index and six variables ranked top have been chosen appropriately for this paper which are: Coordination and cooperation among SC members; IT enablement of SC; SC integration; SC information sharing; JIT implementation in production process; and Implementation of strategies to reduce variation in customer demand.
Cooperation and coordination among members of SC
Coordination and cooperation among SC members nay be attributed to IT enablement, SC integration, sharing of information and JIT implementation. Supply chain coordination deals with these dependent entities (suppliers, manufacturers, distributors, retailers and end consumers) jointly perform supply chain activities to achieve their own profits by keeping total supply chain profits in view. SC members may coordinate by utilizing contracts for improved management of buyer-supplier relationships and appropriate management of risk (Arshinder et al., 2011) . Coordination and cooperation are required among the SC members to manage activities and resources. (Xu et al., 2001; Holmström, 1997) In absence of proper cooperation and coordination, variability of business activities tends to be amplified moving upstream. (Towill 1996; Lee and Belington, 1992) .
SC IT enablement
Lack of Computer networking among members may affect information sharing among members. Unawareness about use of IT in SC may adversely affect implementation of IT in supply chain and information sharing. Allocation of funds for IT enablement is important to avoid or reduce Bullwhip effect. Unreliability of IT infrastructure may be seen as one of the main constraint in IT enablement.
Security of online information is a big question in the minds of the people involved. In previous researches lack of IT enablement has been found important key driving factor in modeling factors responsible for uncertainty in supply chains and also identified as linkage variable in modeling of causes of bullwhip effect. Usage of IT enabled technology to communicate with faster speed and to improve response time may reduce bullwhip effect (Lee et al., 1997) . Benefits of effective IT system are (Mazda, 1998) : better financial control; improved operations control; effective communication; effective teamwork; effective decision making; and flatter, leaner and more effective organization structure.
Supply chain integration
Information sharing, coordination and cooperation among SC members and IT enablement may lead to SC integration identified as important variable in quantification of bullwhip effect mitigation environment. Supply chain integration helps in implementation of JIT. By using IT, business processes have become 'inter organizations/supply chains' from 'intra organizations/supply chains' which has increasingly changed firm interactions with customers and suppliers. Collaboration may be necessary for successful SC performance. Recently, numbers of steps have been taken by different industrial sectors to create effectiveness and efficiency through integration of processes and activities towards bullwhip effect reduction (Chen et al., 2007) .
SC information sharing
Many researchers have researched on impact of effective sharing information on bullwhip effect. Better performance is seen in terms of bullwhip effect reduction when information sharing is implemented in a SC. (Lee et al., 1997; Lee et al., 2000; Kumar & Haleem, 2008) . Information Sharing has been identified as one of the important variable to achieve effective implementation of just in time approach.
JIT implementation in production process
The capability of environment in which the supply chain operates to implement JIT approach successfully needs to be evaluated critically. The main focus here is reduction of lead-time to minimum level that is an important cause for existence of bullwhip effect as identified from literature discussed earlier. The success of JIT depends upon (Nair, 2002) : customer orientation; focus on long term objectives; common company objectives; and all departments work as one team. The term just in time has been increasingly used in automobile industry whereas 'efficient consumer response' and 'quick response' is used in textile industry (Sugimore et al., 1977; Toyoda, 1987; Salmon, 1993; Fernie, 1994; Stern et al., 1996) . These terms aim at reducing variability in SCs for improving profitability at reduced costs and an increased overall performance (Svensson, 2003) .
Implementation of strategies to reduce variation in customer demand
Uncertainty in demand has been already identified as main source of bullwhip effect. Demand Uncertainty (flawed demand information) arises from volatile demand or inaccurate forecasts. Different demand patterns (like trend and seasonality) ascertained by different actors in supply chain lead to different production pattern or ordering pattern leading to bullwhip effect which occurs more in case of seasonal products. Every Day Low Pricing is one of the strategies to reduce variation in customer demand. (Simchi-Levi et al., 1999) Everyday low pricing strategy has been successfully employed in companies like Walmart globally and in Subhiksha in India to reduce variability in customer demand.
Analyzing bullwhip effect mitigation environment
Review of literature and consequent discussions among experts from academia and industry in a session conducted as mentioned above recommend that there have been broadly six most important influencing bullwhip effect mitigation environment of SC. In this paper, these six variables are correlated. The quantification and interdependencies of these factors have been analyzed; and it has been proposed to quantify capability of SC towards successful countering bullwhip effect.
Representation of Digraph
Digraph comprises of vertices (non-empty finite set of elements) and arcs (finite family of ordered pairs of elements) (Wilson, 1970) . Six variables may be used to represent the digraph for Bullwhip effect mitigation index:
 R1: Cooperation and coordination among supply chain members  R2: IT enablement of SC  R3: SC integration  R4: Information sharing in supply chain  R5: JIT implementation in production process  R6: Implementation of strategies to reduce variation in customer demand Interplay among the factors has been established with the help of experts' opinions. Structural Self Interaction Matrix (SSIM) is established (Table 1) utilizing four symbols:
A: factor j interacting towards factor I; O: factors j and I not related; V: factor i interacting towards factor j; X: factors j and I interacting towards each other.
Table 1 SSIM
SSIM has been transformed into initial reachability matrix (IRM) by replacing V, A, O and X by 0 and 1 in Table 2 . The transitivity has been checked as if factor i leads to factor j and factor j leads to factor k, then factor i would lead to factor k. By considering transitivity final reachability matrix (FRM) is established as tabulated in Table 3 . From FRM, digraph for bullwhip effect mitigation index has been developed (shown in Fig. 1 ) and further relationships have been validated. 
Fig. 1. Digraph of Variables Considered for Developing Bullwhip Effect Mitigation Index

Matrix Representation of Bullwhip Effect Mitigation Index
Matrix representation of BWEMI has been shown below in Table 4 Rij (off-diagonal elements) showing BWEMI factors' interactions where R represents the effect of individual variable. R1  R2  R3  R4  R5  R6  R1  R1  R12  R13  R14  R15  0  R2  R21  R2  R23  R24  R25  R26  R3  R31  R32  R3  R34  R35  0  R4  R41  R42  R43  R4  R45  0 
Table 4 Matrix Representation of BWEMI
Permanent Representation
It is evaluated in similar way as determinant is calculated except positive sign replaces all negative signs. BWEMIs' calculations for different SCs are carried out from matrix representations of BWEMI for those SCs. The matrix representation for BWEMI has been performed as follows: (  [   32  41  42  31  23   3  41  43  31  2  3  42  43  32  21  14  32  41  42  31  24  34  41  4  31  2   34  42  4  32  21  13  41  3  43  31  24  34  41  43  32  23  34  42  43  3  2  1   34  43  4  3  21  12  3  42  43  32  24  34  42  4  32  23  34  43  4  3  2 
The Bullwhip Effect Mitigation Index Quantification
BWEMI may be considered as gauge of SC's capability to deal with bullwhip effect. If BWEMI of SC is conductive, its BWEMI value needs to be higher and vice versa. BWEMI for a system needs to consider values of factors for SC and the degree of interactions among identified factors. Ri's and Rij's quantification has been necessary for the calculation of permanent function. Kulkarni (2005) utilized questionnaire to assign each weights to each attribute to finally arrive at values of variables. In our case no quantitative ratings had been available as secondary data and ratings have been sorted considering qualitative measure presented Table 5 . Ratings of non-diagonal elements Rij showing relative influence between factors may not be directly evaluated. Rao and Padmanabhan (2006) utilized scale suggested by Satty in AHP methodology towards assigning ratings to relative importance between attributes. Ratings may be assigned by experts as per their appropriate interpretation based upon experience and intuition (Faisal, 2006) . Table 6 presents qualitative ratings of relative influence of factors. SC practitioners may identify a suitable scale; however, final rankings of various SCs will not change because of relative nature of indices for each SC. Considering a typical case of comparisons of two supply chains for which the ratings of BWEMI variables have been given by set of experts in Table 7 and Table 8 . Implementation of strategies to reduce variation in customer demand 8 Implementation of strategies to reduce variation in customer demand 10 Table 9 shows rating of BWEMI variables of an ideal supply chain. For better understanding, Table 7 and Table 8 ratings have been represented as web diagrams as shown in Fig. 2 and Fig. 3 (Outer bold line shows the "Ideal Supply Chain" ratings). It may be clearly seen from these web diagrams that gaps between "Supply Chain A" and "Ideal Supply Chain" is higher (Fig. 2 ) in comparison with gaps between "Supply Chain B" and "Ideal Supply Chain" (Fig. 3) . It gives an indication of better capability of "Supply Chain B" relative to "Supply Chain A". The matrix representation of BWEMI for "Supply Chain A", "Supply Chain B" and "Ideal Supply Chain" has been shown in Table. 10, Table 11 and Table 12 . 1  2  3  4  5  6  1  8  4  4  3  5  0  2  2  6  3  5  5  4  3  2  2  6  3  4  0  4 
Relative Bullwhip Effect Mitigation Index
Relative bullwhip effect mitigation index may provide SC practitioner information (qualitative in nature) to improve areas contributing towards overall bullwhip effect mitigation capability of SC. Bullwhip effect mitigation index for various SCs may be evaluated utilizing procedural steps provided in this study and hence different SCs may further be benchmarked considering bullwhip effect mitigation capability. The methodological steps presented have been formulated in order to preserve flexibility in the environment in which SCs are operating by incorporating new variables that may influence SCs' capability towards bullwhip effect mitigation. The BWEMI calculated for "Supply Chain A" is 172560, for "Supply Chain B" is 739648 and for "Ideal Supply Chain" is 1906400. These values may be used by SC managers as guiding index for identifying areas for improvements as also replicated by web diagrams.
Conclusion
In this paper, the focus had been for modeling bullwhip effect mitigation setting for benchmarking of SCs using a methodology involving graph theory and matrix. With the help of this tool SC practitioners may analyze factors concerning with bullwhip effect mitigation in SCs. The presented framework may be an effective way in improving understanding of bullwhip effect generation in SCs (causing an adverse effect on SC performance) and its mitigation; and hence, 'bullwhip effect mitigation setting' quantification (as an index) will certainly help practitioners to compare and manage SCs better. The framework suggested in this paper is much generalized and not sector specific; and the present work may be further validated using some case studies. Sustainable green, lean and six-sigma concepts have been found very important towards making the firm and supply chain effective and efficient in terms of environmental, economic, societal, waste reduction and quality issues (Kumar et al., 2011-12; . Some factors may be incorporated considering sustainable green, lean and six-sigma concept integration in supply chain; and bullwhip effect mitigation may be further evaluated. Technology selection, adoption and absorption have been realized also important for winning over the competition (Kaushik et al., 2014; . Bullwhip effect needs to be examined in technology oriented supply chains involving management of innovations and knowledge; however, adoption of newer technologies through efficient knowledge management has been identified vital for offering innovative products and services towards gaining competitive advantage over other supply chains (Kumar, 2014 a,b; .
